Effects of cardiac size on surface potential magnitude were investigated by induction of acute changes in ventricular dimensions by rapid atrial pacing in 17 cases with ischemic heart disease (IHD) and in 15 cases without IHD. Left ventricular end-diastolic dimensions (LVDd), estimated by echocardiography, decreased along with certain changes in surface potential magnitude during atrial pacing in each case. A positive correlation between LVDd and the amplitudes of RV5, RX, and the maximum spatial QRS magnitude was observed in most of the cases and might be explained by changes in distance between the heart and the chest electrode and/or the Brody effect. However, an inverse correlation was observed in 4 of 17 cases with IHD, and could not be explained by these factors. Other factors, such as changes in the ventricular activation sequence, should be considered as the mechanism.
SUMMARY
Effects of cardiac size on surface potential magnitude were investigated by induction of acute changes in ventricular dimensions by rapid atrial pacing in 17 cases with ischemic heart disease (IHD) and in 15 cases without IHD. Left ventricular end-diastolic dimensions (LVDd), estimated by echocardiography, decreased along with certain changes in surface potential magnitude during atrial pacing in each case. A positive correlation between LVDd and the amplitudes of RV5, RX, and the maximum spatial QRS magnitude was observed in most of the cases and might be explained by changes in distance between the heart and the chest electrode and/or the Brody effect. However, an inverse correlation was observed in 4 of 17 cases with IHD, and could not be explained by these factors. Other factors, such as changes in the ventricular activation sequence, should be considered as the mechanism. ECG: Leads V4 to V8 were recorded throughout the study with a direct pen-writing electrocardiograph and voltage measurements were made to the nearest 0.05mV. In 21 cases, using the Frank lead system with chest leads at the level of the left sternal edge in the fifth intercostal space, orthogonal scalar X, Y, and Z leads were recorded on magnetic tape and later retrieved with an ink-jet recorder (Mingograf Model 800) at a paper speed of 500mm/sec. Voltage measurements were made for each of the 3 scalar leads to the nearest 0.02mV at 2msec intervals during the QRS complex, and the instantaneous spatial QRS magnitude was calculated from the measurements of scalar leads at 2msec intervals.
Additional
Echocardiogram: M-mode echocardiograms were taken using Aloka SSD-800 Echo Camera with a 2.25MHz internally focussed transducer, and were recorded on a strip chart recorder (Honeywell-1219). The transducer was placed in the standard intercostal space, aimed along the left ventricular minor axis just below the mitral valve leaflet. In 3 cases (T.K., T.Ym., and tory apnea and the direction of echo-beam was kept constant throughout the study with the aid of oscilloscopic display of two-dimensional echocardiography. LVDd was measured at the onset of the QRS complex.19) Analysis and statistics: As shown in Fig. 1 , initiation and termination of atrial pacing induced abrupt changes in LVDd. During these periods at the pacing rate which induced maximum dimensional changes, the relation between LVDd and R wave amplitude in V5 (RV5), maximum leftward force (RX), and maximum spatial QRS magnitude was determined by linear regression analysis in each case. At a faster pacing rate, the first paced beat sometimes showed right bundle branch block pattern, and such a beat was not included for analysis. Measurements of ECG voltage were made by H.I., and of LVDd by K.T., independently. In evaluating the proportions of subjects with positive correlations in Groups I and II, the chi-square test was used to test the null hypotheses. A p value less than 0.05 was considered statistically significant. In this case, correlations were significantly negative.
RESULTS
The age distribution and the pacing rate at which correlation was analyzed did not differ between the 2 groups (paired t test, Table I ). Mild anginal pain was induced in 6 cases in which sublingual administration of nitroglycerine was not required and the study was continued.
In another 2 cases (T.O. and T.N.), however, nitroglycerine was required during pacing induced angina and echocardiograms during these events were not sufficient in quality for measurement of LVDd because they could not hold their breath. In these 2 cases, correlations were analyzed at the slower pacing rate which did not induce anginal pain.
Serious complications such as myocardial infarction were not induced.
In 18 of 32 cases, the correlation between LVDd and surface potential was analyzed using the records during both the onset and termination of pacing. In the remaining 14 cases, however, analyses were made during either the onset or termination of pacing, because of failures to obtain good quality Fig. 2 . In this case, correlations between LVDd and RV5, and RX were positive. However, the correlation between LVDd and maximum spatial QRS magnitude was negative.
echocardiograms during both the onset and termination of pacing. The number of heart beats analyzed did not differ between Groups I and II (13.5 vs 14.7).
Changes in LVDd: Acute changes in LDVd were induced by starting and stopping atrial pacing (Fig. 1) . In all cases, LDVd decreased after initiation of the pacing, and increased after cessation of the pacing. Even when mild anginal pain was induced by pacing, LVDd decreased in the present study. The range of changes in LVDd in each case are listed in Table II. Changes in surface potentials: Data are listed in Tables II-IV, and 1) RV5: In Group I, the correlation between LDVd and RV5 was negative in 2 cases, positive in 8 cases, and not significant in the remaining 7 cases. A negative correlation was not found in any subjects in Group II.
Although the incidence of a positive correlation was higher in Group II than in Group I (80% vs 47%), the difference was not statistically significant.
2) RX: In Group I, the correlation between LVDd and RX was positive in 7 cases, negative in 2 cases, and not significant in 3 cases. None of the cases in Group II showed a negative correlation.
3) Maximum spatial QRS magnitude: In Group I, the correlation was positive in 7 cases, negative in 4 cases, and not significant in 1 case. In Group II, it was positive in 6 cases, negative in 1 case, and not significant in 2 cases. Although the incidence of a negative correlation was higher in Group I than in Group II (33% vs 11%), difference was not statistically significant.
DISCUSSION
Effects of atrial pacing on ventricular size: Atrial pacing has been used as a stress test for the diagnosis of coronary artery disease.11),12) However, this method is known to differ from exercise tests in that passively induced tachycardia usually results in a reduction of ventricular size during atrial pacing,13)-16) in contrast to rather complicated effects of exercise on ventricular size.17),18) Dwyer showed that the cineangiographic estimate of left ventricular enddiastolic volume (LVEDV) decreased during atrial pacing in 9 out of 10 cases with angina pectoris; in the remaining case, overt heart failure developed during angina, showing a marked increase in LVEDV from 65 to 163ml/M2.13) Pasternac et al observed that LVEDV, estimated by cineangiography, decreased irrespective of the development of asynergy in cases with coronary artery disease during atrial pacing.14) In the present study, LVDd decreased during atrial pacing in each case, even when anginal pain developed. In addition, certain changes in the QRS amplitude were observed.
Echocardiographic measurements of left ventricular volume: Although limitations exist, it has been accepted that left ventricular (LV) volume estimated by M-mode echocardiography is closely related to actual LV volume in normal hearts. 19) In cases with coronary artery disease and abnormally contracting segments, M-mode echocardiography has been shown to provide reliable measurements of LVEDV, although estimates of end-systolic volume (ESV) and ejection fractions are less accurate.20) In the present study , echocardiography was not used to measure the actual LVEDV and LVESV, but only to estimate the relative changes in LVEDV. Additionally , this study was an intrapatient study and each case served as his or her own control . Therefore, it seems appropriate to study the relation between cardiac size at the Jpn. Heart J. M ay 1982 surface potentials.22)-24) In clinical cases, however, it is difficult to distinguish the direct effect of cardiac enlargement from indirect and extracardiac effects in chronic and statistical studies.25)-27) Observations in the present study were made over a short period of time and the surface potential changes were compared in each case. Hence, many extracardiac factors known to influence surface potentials, such as tissue edema, lung capacity, and body build,1) could be excluded. Care was also taken to eliminate the effects of positional changes of the heart. Recordings were made during expiratory apnea in order to assure a stable ECG baseline, and records at the initiation and/or cessation of atrial pacing were used for beat-to-beat analyses of the correlation between LVDd and QRS voltage. The results showed; there was a positive correlation between LVDd and surface potentials in a majority of the cases without IHD i.e., a decrease in LVDd was accompanied with a decrease in the surface potential magnitude. Although it is difficult to measure the distance between the heart and the chest wall by echocardiography, it is conceivable that the smaller the cardiac size, the greater the distance between the ventricular wall and the chest electrodes. Thus, factors contributing the positive correlation may include the distance between the heart and the chest electrodes and/or the so-called Brody effect.21) On the other hand, a negative correlation between LVDd and surface potentials was observed in some cases in Group I and in 1 case (K.Z.) in Group II. In these cases, factors other than the distance between the heart and the chest electrodes and/or the Brody effect should be considered as the mechanism. In Case K.Z., however, the maximum spatial vector directed right and posteriorly, and the correlations between LVDd and the leftward force, i.e., RV5, and RX were positive. It should be noted that there were discrepancies in the correlations between LVDd and surface potentials from different leads in some cases (Cases S.G., H.N., T.K., T.Y., Y.U., T.S., M.M., K.Z., and K.S.). These discrep-ancies might be the results of minor changes in the ventricular activation sequence due to heart rate changes.
Clinical implications: Although it is controversial,28),29) an increase in R wave amplitude in V5, CM5, or multiple-leads has been reported to be a useful criterion of exercise tests for coronary artery disease.2)-5) The Brody effect has been considered as a mechanism, because exercise-induced myocardial ischemia results in an increase in LV volume, which is accompanied with an increase in surface potentials.1)-3) However, recent radionuclide angiographic17) and echocardiographic18) studies show that LVEDV does not always decrease during exercise even in healthy subjects, and the Brody effect may not be the mechanism. Sharma and co-worker observed an increase in LVEDV (estimated by LV angiography) in cases with angina pectoris induced by a bicycle ergometer.30) Therefore, it is possible to interpret that surface potential may increase in such cases as a result of the distance between the heart and chest electrodes and/or the Brody effect.21) The present study shows that an increase in R wave amplitude can occur with a reduction of LVDd in cases with IHD. Therefore, an increase in R wave amplitude during an exercise test in cases with IHD may not be solely attributed to changes in cardiac size, and factors such as changes in the ventricular activation sequence should be considered.
